The validity of a new technique was examined for estimating the protein-synthetic activity of various tissues in vivo. The basic assumption underlying the method is that the number of peptide chains growing on each active ribosome would increase as the protein-synthetic activity of each tissue increases. The principle of the procedure, which was devised originally by Wool & Kurihara [(1967) Proc. Natl. Acad. Sci. U.S.A. 58, 2401-2407] to determine in vitro the number of functional ribosomes in skeletal muscle, is as follows. Puromycin is known to bind easily to the C-terminal end of the growing peptide on ribosomes and thus stop further chain elongation. Hence, if the number of puromycin molecules attached to the nascent peptide is determined by using radioactive puromycin as a tracer, one can estimate the number of growing peptides, i.e. the activity of tissue protein synthesis. By using this technique, it is shown that both starvation and the feeding of a protein-free diet caused marked decreases in the relative rate of formation of peptidyl-puromycin, i.e. activity of protein synthesis in liver, skeletal muscle, heart, spleen, testis, lung, kidney and intestine.
Estimating the protein-synthetic rate in various organs in vivo may be considered an artificial concept, since it is the sum of the rates for various proteins with fast and slow turnover rates. However, it is of great value, since one can evaluate by using these techniques the relative role ofeach organ in regulation of protein turnover on a whole-body basis in response to changes in various nutritional or hormonal conditions. Furthermore, it is well known that the efficiency of protein synthesis in a cell-free system is far less than that in the whole animal. Measurements in vivo are therefore required to substantiate the conclusion tnat the effects measured in vitro are a true reflection of events in the cell. However, there are many problems encountered in using radioactive amino acid as a tracer for estimating the proteinsynthetic rate in vivo. The most important are the problems of precursor pools and that of recycling of labelled amino acid. Many kinds of techniques have been devised to eliminate or minimize these problems, e.g. use of less-reutilizable amino acids or their precursors, such as [guanidino-'4C] arginine (Swick, 1958) , [14C] aspartic acid (Young et al., 1971) and Na214CO3 (Millward, 1970) , and injection of massive amounts of radioactive amino acid (Henshaw et al., 1971; Scornik, 1974) . Some other workers developed techniques to administer radioactive amino acid at constant rate for a relatively long period, i.e. constant intravenous (Waterlow & Stephen, 1968) or intragastric (Picou & Taylor-Roberts, 1969) infusion, or giving it with diets (Harney et al., 1976) . Vol. 184
The purpose of the present study is to examine the validity of a new method for estimating in vivo the protein-synthetic activity in various organs by using radioactive puromycin.
Experimental and Results
Male rats of Wistar strain were purchased from Shizuoka Experimental Animals and Agricultural Co-operative (Hamamatsu, Shizuoka, Japan) at 35-40g body wt., and were fed on a commercial stock diet (CE-2; Japan CLEA Co., Urawa, Saitama, Japan) for 1 or 2 days before use. The radioactive puromycin {[8(n)-3H]puromycin dihydrochloride, specific radioactivity 5.7Ci/mmol, from The Radiochemical Centre, Amersham, Bucks., U.K.)} was combined with unlabelled puromycin dihydrochloride (Boehringer Mannheim G.m.b.H., Mannheim, West Germany) to give the final specific radioactivity quoted in each Figure and (Nakano & Hara, 1979) after treatment as described by Fleck & Munro (1962) .
Formation ofpeptidyl-puromycin
The formation of peptidyl-puromycin in various tissues as a function of time after injection of [3H]-puromycin is shown in Fig. 1 . It increases linearly after about 10min lag phase up to 30min and reached a plateau thereafter. Consequently rats were killed 30min after injection in all subsequent experiments.
The second experiment was carried out to estimate the formation of peptidyl-puromycin as a function of dose of puromycin. The method described in the present study assumes that doses of puromycin used in the study do not themselves alter the rate of formation of peptidyl-puromycin. The results illustrated in Fig. 2 Fig. 3 also suggest that the degree of increase in concentration of free puromycin differs' greatly among various tissues. It is probable therefore that the results shown in Fig.  2 may not be a true reflection of the actual rate of formation of peptidyl-puromycin in each tissue. To overcome this problem, the results were expressed thereafter on the basis of concentration of free puromycin in each tissue, as illustrated in Fig. 4 .
One can then compare the rate of formation of peptidyl-puromycin for each tissue and perhaps the activity of protein synthesis. Fig. 4 shows that the relative rate of 'formation of peptidyl-puromycin, i.e. that of nascent peptide, is greater in muscular Vol. 184 tissue such as heart and skeletal muscle than in the visceral tissues, e.g. liver and intestine, which have been considered to have a larger capacity to synthesize protein than the former (Garlick et al., 1975) . One possible explanation for this could be that radioactive puromycin might be absorbed more efficiently into the visceral organs than into others, including the muscular tissues, since it was injected intraperitoneally, i.e. into the visceral cavity, throughout the experiments. This may cause an apparent higher concentration of free puromycin in the visceral tissues than in others. Thus the actual uncorrected value of puromycin per unit of RNA as shown in Fig. 2 may be more accurate than the corrected values presented in Fig. 4 . It is necessary to compare these results with those obtained in studies with radioactive puromycin being injected through any other routes, e.g. intravenously. 
Effect ofstarvation andfeeding ofa protein-free diet
On the basis of the preliminary experiments described above, the effects of starvation and feeding of a protein-free diet were then examined on the relative rate of formation of peptidyl-puromycin in various tissues in rats. It is well known that the rate of protein synthesis decreases in many tissues under these dietary conditions (Garlick et al., 1975; Nakano, 1978) . All rats were previously fed on a 25 %-casein/starch diet (Nakano, 1978) for 4-5 days. The rats of the control group were given the same diet for another 1 or 3 days, whereas the starved group was kept for 24h without food before being killed. The protein-depleted group was fed on a protein-free diet (Nakano, 1978) for 1 or 3 days. The results obtained show that both starvation for 1 day and feeding of a protein-free diet for 1 or 3 days caused a significant decrease in the rate of formation of peptidyl-puromycin in almost all tissues examined irrespective of the way of expression of the results, i.e. per mg of RNA or per g of tissue (Table 1) .
Discussion
The technique for estimating the number of nascent peptides by using [3H]puromycin was first devised by Wool & Kurihara (1967) and adapted to a cell-free system using ribosomal preparations isolated from skeletal muscle of rats.
One of the basic assumptions underlying the method described here is that the number of nascent peptide chains growing on each active ribosome would change in parallel with the changes in proteinsynthetic rate in each tissue. Wool & Kurihara (1967) have shown by using this technique that the decrease in protein-synthetic activity of skeletal muscle of diabeticrats is attributed to the decrease in the number of active ribosome particles in these animals. It was shown by Whelly & Barker (1974) that the oestradiolinduced increase in rate of protein synthesis by uterine ribosomes in vitro is due both to increase in number of peptide chains growing on the active ribosomes and to the increase in activity of each active ribosome, i.e. rate of peptide-chain elongation. On the other hand, Kostyo & Rillema (1971) have found, by using the same method, that the stimulatory action in vitro of somatotropin on protein synthesis in isolated rat diaphragm is due not to the increase in number of active ribosomes, but to the enhanced ability of each active ribosome to promote peptidechain formation. We showed previously (K. Nakano & H. Hara, unpublished work) by using the same method that there is a close correspondence between the ability of a ribosomal preparation obtained from skeletal muscle to incorporate radioactive amino acid and the number of nascent peptides present in these ribosomal preparations under various hormonal and dietary conditions such as diabetes, starvation and re-feeding the starved rats with a protein meal.
The advantage of the method proposed here for estimating in vivo the protein-synthetic activity by using [3H]puromycin would be that one avoids the problems of precursor specific radioactivity, since this compound does not occur naturally in any tissues at all, nor from the evolution of any radioactive gas such as 14C02 during the treatment of animals. Furthermore, attention should be paid in choosing the kind of amino acid in the studies where any amino acid is used as a tracer, since the tissues where each amino acid is mainly metabolized are different for different amino acids. Thus the branched-chain amino acids such as leucine, isoleucine and valine are metabolized in extrahepatic tissues, whereas others are degraded in liver (Miller, 1962) . Indeed, the use of branched-chain amino acid was recommended in a study for examining the changes in protein-synthetic activity in liver (Woodside & Mortimore, 1972) . On the other hand, tyrosine was used as a tracer in the studies of protein turnover in skeletal muscle, since it is neither synthesized nor degraded in this tissue (Fulks et al., 1975 that one cannot estimate the absolute or fractional rate of protein synthesis in various tissues, but can evaluate only the relative protein-synthetic activity of each tissue.
